Methane adsorption experiments were conducted on a series of organic-rich shales, isolated kerogens, and pure clay minerals at 60 ˚C and up to 20 MPa pressure. The maximum adsorption capacities of the two isolated kerogens (type I) (17.45 cm 3 /g and 12.41 cm 3 /g) were much higher than those of the clay minerals and shale samples. In the high-over mature stage, the affinity of methane for type I kerogens gradually increased, while the amounts of methane adsorbed decreased with increasing thermal maturity. Among the pure clay minerals, the methane adsorption capacity decreased in the following order: montmorillonite (4.02 cm 3 /g) > kaolinite (3.48 cm 3 /g) > illite (3.46 cm 3 /g) > illite/smectite mixed layer (3.1 cm 3 /g) > chlorite (0.88 cm 3 /g); the methane adsorption capacities were controlled by the effective surface areas available for adsorption. These clay minerals with higher Langmuir pressures exhibited weaker affinities for methane than the isolated kerogens. Moreover, the adsorption results of kerogen, shale, and illite at different temperatures (30 ˚C, 60 ˚C, and 90 ˚C) show that the V L values of kerogen decreased linearly with increasing temperature, while the amount of adsorbed water on clay minerals decreased with increasing temperature, which may have affected the methane adsorption capacity. The results show that the contributions of kerogens to the adsorption capacities of the two bulk shale samples were ~ 43.08% and 56.58%, and the methane adsorption of clay minerals accounted for ~ 44.12% and 16.74%.
INTRODUCTION
As hydrocarbon reservoirs, organic-rich shales have received renewed research focus in recent years. Unlike conventional hydrocarbon reservoirs, a significant proportion of gas in the shales are first stored in a sorbed state on the surface of the organics and minerals and then diffuse to the relatively large pores and natural fractures in the free state with a small amount dissolved in kerogen and residual water bodies (Curtis, 2002; Jarvie et al., 2007; Ross and Bustin, 2008) . Therefore, the methane (CH 4 ) sorption capacity of shales is often regarded as a key indicator of the storage capacity of shales. Although shale is a heterogeneous mixture of organics and inorganics, resulting in diverse surface chemistry and pore structures, the adsorption mechanism of CH 4 on shale is complex and still unclear. Most studies focused on the organics (total organic carbon (TOC), type, and maturation) as the primary controlling factor for the gas adsorption of shales because not only they determine the intensity of gas generation, but also their large surface area provides more adsorption sites for CH 4 (Chalmers and Bustin, 2008; Loucks et al., 2009; Zhang et al., 2012) . A strong positive correlation between TOC and CH 4 sorption capacity has been established in the previous studies; moreover, a relatively high vitrinite content and thermal maturity showed stronger CH 4 sorption capacity (Chalmers and Bustin, 2007; Jarvie et al., 2007; Ross and Bustin, 2009; Zhang et al., 2012) . However, not all the CH 4 sorption capacity of shales are in proportion with their TOC content, which may be the combined result of the changes in some other factors Wang et al., 2013) . As another important part of shales, Schettler and Parmoly (Schettler and Parmoly, 1990 ) considered that the CH 4 adsorption of clay minerals is very strong, even higher than that of kerogen. Some studies have also shown that the sorption capacity of clay minerals is crucial, particularly in the shales with low TOC contents (Hao et al., 2013; Lu et al., 1995; Mavor, 2003) . Moreover, Ji et al.(2012a) reported that the type of clay mineral significantly affects the CH 4 sorption capacity, which decreases in the following order: montmorillonite > illite/smectite mixed layer > kaolinite > chlorite > illite. The differences in the chemical structures of clay minerals, depositional environment, and moisture content may change this sequence. At present, the contribution of clay minerals to the total CH 4 adsorption remains controversial; several researchers reported that clay minerals have a slight or negative effect on the gas sorption capacity (Liu and Wang, 2012; Wang et al., 2013) . In this study, a series of CH 4 adsorption isotherm experiments on organic-rich shales, kerogens, and clays were conducted at 30 ˚C, 60 ˚C, and 90 ˚C and up to 20 MPa pressure. The main objectives of the study were to (1) investigate the CH 4 sorption capacity of kerogen and various clay minerals, (2) elucidate the corresponding adsorption mechanism and main influencing factors on the gas adsorption of kerogens and clay minerals, such as the adsorption sites and affinity of CH 4 molecules, and (3) quantitatively determine the contributions of the two major components to the CH 4 sorption capacity of shales after eliminating other interfering factors.
MATERIAL AND METHODS
The two organic-rich shale samples (S1 and S2) used in this study were collected from the Lower Silurian Longmaxi and Cambrian Niutitang Formations in northwest Hunan, located in the southeast margin of the Yangtze Platform in southern China. In Cambrian, the study area is located in the continental margin, where the oxygendeficient shelf and slope deposits were favorable for the formation of black Niutitang shales. In the late Ordovician-early Silurian period, the study area had already evolved to be the semiclosed bay depositional environment, where a series of carbonaceous 928
Methane sorption capacity of organics and clays in high-over matured shale-gas systems and siliceous shales of Longmaxi Formation were formed (Wang et al., 2014) . Early Paleozoic strata in northwest Hunan underwent a long-term hydrocarbon evolution, resulting in the Longmaxi and Niutitang Formations, now in high-over maturation (Fan et al., 2014) . The organic geochemical parameters and mineral compositions of these two samples are listed in Table 1 . For comparison, the corresponding kerogen concentrates (SK1 and SK2) of the bulk samples were prepared by a conventional demineralization method. Moreover, a set of pure clay mineral standards: illite (IMt-2), kaolinite (KGa-2), Na-saturated montmorillonite (SWy-2) and illite/smectite (70/30) mixed layer (ISCz-1), and chlorite (CCa-2), which are representatives of the clay minerals of the shales analyzed in this study, were obtained from the Source Clay Repository of Clay Mineral Society to investigate the effect of inorganics on the adsorption capacity of shale.
CH 4 adsorption experiments were conducted using a magnetic suspension balance for high-pressure isothermal adsorption (ISOSORP-GAS SC) at the Key Laboratory of Coalbed Methane Resources and Reservoir Formation Process, Ministry of Education, China University of Mining and Technology, which uses the gravimetric method for measuring the amount of adsorbed CH 4 . All the samples were ground into powder (~ 80 mesh). Prior to analysis, the pretreated samples were placed in a sample cell and dried at 70 ˚C in vacuum for degassing until theture content of the samples remained constant. Next, the samples were dried under helium gas flow at the temperature at which the CH 4 adsorption isotherms were measured later, and the free space (the dead volume of the sample cell) was determined. Finally, a certain amount of CH 4 was charged into the sample cell, and the adsorption isotherm was performed at 60 ˚C and 0-20 MPa pressure. Moreover, the adsorption isotherms of S1, SK1, and IMt-2 at different temperatures (30 ˚C, 60 ˚C, and 90 ˚C)ion mechanism:
where V (cm 3 /g) is the volume of the adsorbed gas at pressure P (MPa), V L (cm 3 /g) is the Langmuir maximum adsorption capacity, P (MPa) is the gas pressure, and P L (MPa) is the Langmuir pressure at which the amount of adsorbed gas equals to onehalf of the maximum gas adsorption capacity. 
RESULTS

CH 4 adsorption of shale samples
The CH 4 adsorption isotherms of the two shale samples at 60 ˚C show that the adsorption capacity first increased rapidly with increasing pressure at low pressures (<5 MPa), reaching 90% of the maximum adsorption capacity, and then increased slowly and remained almost constant at high pressures (>5 MPa) (Fig. 1) . The adsorption data fitted well to the Langmuir model (R2 >99%) (Table 2) . Notably, these two shale samples had large differences in their CH 4 adsorption capacity, and the Langmuir maximum CH 4 adsorption capacity of S2 shale (3.88 cm 3 /g) was clearly higher than that of S1 shale (1.77 cm 3 /g). As an important parameter for evaluating the feasibility of gas desorption at reservoir pressures, P L usually shows the affinity of CH 4 molecules for the sorbent surface, and a lower P L indicates a stronger affinity of the gas for the sorbent (Xia et al., 2006) . The P L value of S1 shale (2.17 MPa) was significantly higher than that of S2 shale (1.17 MPa), indicating that CH 4 adsorption occurred more readily on S2 shale. This can be attributed to the higher contents of organics in S2 shale (Table 1 ). The CH 4 adsorption isotherms for S1 shale at 30 ˚C, 60 C, and 90 ˚C are also shown in figure 2 ; the adsorption of CH 4 clearly decreased with increasing temperature. The V L value decreased from 2.03 cm 3 /g at 30 ˚C to 1.26 cm 3 /g at 90 ˚C, reducing by ~ 40%. The observed trend indicates that temperature significantly affects the CH 4 adsorption of organic-rich shales.
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Methane sorption capacity of organics and clays in high-over matured shale-gas systems Figure1. Methane adsorption isotherms for S1 and S2 shales at 60 ˚C.
Methane adsorption of kerogen samples
To study the effect of organics on the CH 4 adsorption capacity of shales,cted from the above two shale samples and analyzed by adsorption experiments (Fig. 3) . The results show that the CH 4 adsorption capacity of kerogen per unit mass far exceeded that of the corresponding shale sample (Table 2 ). In contrast, the Langmuir maximum of the CH 4 adsorption capacity of SK1 kerogen (17.45 cm 3 /g) was much higher than that of SK2 kerogen (12.41 cm 3 /g). The P L values show that SK2 kerogen had a stronger CH 4 affinity than SK1 kerogen. Moreover, the adsorption isotherms of SK1 kerogen were conducted at different temperatures (Fig. 4) . The fitting results show that the Langmuir maximum CH 4 adsorption capacity of SK1 kerogen was up to 20.66 cm 3 /g at 30 ˚C, while the V L values gradually decreased with increasing temperature, to ~87% at 60 ˚C and 12.87 cm 3 /g at 90 ˚C (Table 3 ). In contrast, the P L values increased with temperature and almost doubled from 30 ˚C to 90 ˚C, indicating that the increase in temperature may significantly decrease the CH 4 affinity of kerogen.
ENERGY EXPLORATION & EXPLOITATION · Volume 32 · Number 6 · 2014 931 Figure 2 . Methane adsorption isotherms for S1 shale at three different temperatures. Figure 3 . Methane adsorption isotherms for kerogens SK1 and SK2 at 60 ˚C.
Methane adsorption of clay mineral samples
The CH 4 adsorption isotherms of pure clay mineral standards, IMt-2, KGa-2, SWy-2 and ISCz-1, and CCa-2 were measured to study the effect of clay minerals on the CH 4 adsorption capacity of the shale samples. The crystal structure and physicochemical properties of clay minerals can vary with origin. All the used standard clay minerals are sedimentary type except CCa-2, which is of metamorphic origin. Figure. 5 shows that the CH 4 adsorption capacity of SWy-2 was almost identical to that of IMt-2 at a lower pressure and became much higher when the pressure exceeded 5 MPa. The adsorption capacity of ISCz-1 was more than that of KGa-2 below 12 MPa pressure, and the adsorption capacity of both clays became uniform later. The CH 4 adsorption capacity of CCa-2 was much lower than the other types of clay minerals. The adsorption data were fitted well to the Langmuir model (R2 >98%). The results show that the V L value of SWy-2 (4.02 cm 3 /g) was the largest among the clay minerals, and the V L values of KGa-2, IMt-2, and ISCz-1 had slight differences, which were 3.48 cm 3 /g, 3.46 cm 3 /g, and 3.1 cm 3 /g, respectively, while the V L value of CCa-2 was 0.88 cm 3 /g, only ~20% of that of SWy-2. The P L values of the five samples decreased in 932
Methane sorption capacity of organics and clays in high-over matured shale-gas systems Figure 4 . Methane adsorption isotherms for SK1 kerogen at three different temperatures. (Liu et al., 2011; Wang et al., 2009; Zou, 2011) . Moreover, the adsorption isotherms on IMt-2 at different temperatures were measured. The CH 4 adsorption capacity of IMt-2 did not change clearly at equilibrium pressures with increasing temperature from 30 ˚C to 60 ˚C; however, the adsorption decreased rapidly when the temperature was increased to 90 ˚C (Fig. 6) . The Langmuir parameters obtained from the fitting of adsorption isotherms are as follows: The V L values of IMt-2 were 3.43 cm 3 /g, 3.46 cm 3 /g, and 1.64 cm 3 /g at 30 ˚C, 60 ˚C, and 90 C, respectively, with the P L values of 2.04 MPa, 3.41 MPa, and 1.54 MPa, respectively.
ENERGY EXPLORATION & EXPLOITATION · Volume 32 · Number 6 · 2014 933 Figure 5 . Methane adsorption isotherms for clay minerals at 60 ˚C. Figure 6 . Methane adsorption isotherms for IMt-2 at three different temperatures.
DISCUSSION
Effects of kerogens on methane adsorption
The CH 4 adsorption capacity of kerogen was three-to-five times higher than that of the clay minerals such as illite. This can be attributed to the hydrophobicity of kerogen surface, which is beneficial to the CH 4 adsorption. The kerogens have lower P L values, indicating the stronger affinity of methane for kerogens than the clay minerals. On the other hand, the Langmuir maximum adsorption capacity depends on the availability of the surface area of adsorbents. Kerogens produce a large number of nanoscale pores due to the evolution of hydrocarbon, thus providing large internal surface areas for adsorption sites (Chalmers et al., 2012; Slatt and O'Brien, 2011) . Xue et al. (2013) reported that the specific surface area (SSA) of the kerogens of Longmaxi shales in Sichuan was 38.63-193.10 m 2 /g with an average SSA of 95.84 m 2 /g, which is greater than that of the shales (15.10 m 2 /g). Ross and Bustin (2009) also reported that the CH 4 adsorption capacity is proportional to its surface area in the mature stage. Different kerogen types and thermal maturity may vary the chemical structure of kerogens, which plays an important role in the CH 4 adsorption on kerogens (Chalmers and Bustin, 2007; Cheng and Huang, 2004; Zhang et al., 2012) . The two kerogen samples (SK1 and SK2) used are both type I kerogens; however, they significantly differ in the CH 4 adsorption capacity, which may be related to the thermal maturity of both the kerogens and some other factors such as the effect of geological evolution. Zhang et al. (2012) reported that aromatic-rich kerogens may have a stronger affinity for CH 4 than aliphatic-rich kerogens, and kerogens intensively aromatized with higher thermal maturity. Therefore, SK2 kerogen with a higher thermal maturity shows a stronger CH 4 affinity, and the CH 4 adsorption occurs more readily at a lower pressure. A strong positive correlation between CH 4 adsorption and thermal maturity has been observed in Jurassic shales with Ro <2.5% in the Western Canada Sedimentary Basin (WCSB) (Ross and Bustin, 2009 ). However, the marine Paleozoic shales in south China have entered the over-maturation phase with a high degree of thermal evolution, indicating that the space provided by large nanopores for CH 4 adsorption is close to saturation and a further increase in the thermal maturity may negatively affect the adsorption capacity of shales. Jarvie et al. (2007) reported that the adsorption capacity of shales decreased in the over-mature stage with the Ro >3.5%. Gasparik et al. (2013) found that the CH 4 adsorption amount of shales decreased in a relatively high thermal maturity (Ro in the range 2.9-4.2%) when studying the carboniferous shales in northwest Europe. Related studies (Moore, 2012; Zhong, 2004; Zhong et al., 2006) confirmed that the adsorption capacity of coal with type III kerogen first increases and then decreases with increasing thermal maturity. Further aromatization may decrease the porosity and SSA of coal when Ro is up to 4%; therefore, the adsorption capacity of coal decreased sharply. These results provide some good references on the relationship between the thermal maturity and CH 4 capacity of type I and II kerogens in shale samples. The thermal maturity of SK2 kerogen in the experiment is relatively higher (Ro = 3.33%). Massive condensation and strong compaction may have deformed the pores produced by hydrocarbon generation, thus decreasing the porosity and s SSA and resulting in a smaller CH 4 adsorption capacity than SK1 kerogen. Thus, the kerogens in high-over maturation show a stronger affinity for CH 4 molecules,
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Methane sorption capacity of organics and clays in high-over matured shale-gas systems while the surface area available for adsorption may decrease and the maximum CH 4 adsorption capacity also decrease correspondingly.
Effect of clay minerals on methane adsorption
Different clay minerals differ in their CH 4 adsorption capacity. Ji et al. (2012a) reported that the adsorption on clay minerals is controlled by the SSA as a linear correlation between the Langmuir maximum CH 4 adsorption and the Brunauer-Emmett-Teller (BET) surface area. Because clay minerals are easily to generate physical deformation and chemical transformation probably because of poor mechanical and chemical stability they may develop various micropore systems resulting in a relatively high SSA (Ji et al., 2012b) . Aringhieri (2004) reported that the development of ~ 2 nm pores in the internal crystal layers of clay minerals is the main reason for the large SSA of shale samples suitable for gas adsorption; Kuila and Prasad (2013) and Kaufhold et al. (2010) reported that different clay minerals significantly differ in micropore structures and SSAs. The adsorption results of these clay minerals at 60 ˚C and the SSA calculated in previous studies (Table 4) show a positive relationship between the CH4 adsorption capacity and SSA in general; however, the test data show large discrepancies ( Fig. 7) and need further research. Luffel and Guidry (1992) reported that free and bound water molecules can be removed from clay minerals above 110 ˚C. Środoń and McCarty (2008) reported that some expansive clays such as montmorillonite and Illite/smectite mixed layer require a higher drying temperature (200 ˚C). In this study, the drying temperature was 70 ˚C when the isothermal adsorption experiments were conducted at 60 ˚C, the adsorbed water inside the clay minerals failed to be completely discharged.
Although the drying temperature of the SSA test was up to 110 ˚C, most of the free and bound water molecules could be removed from the clay minerals, and adsorbed water affected the effective SSA of clay minerals for the adsorption of CH 4 molecules (Ross and Bustin, 2007) . Liu et al. (2013) reported that the removal of adsorbed water on external surface increased the availability of CH 4 adsorption sites, while the removal of interlayer water may decrease the interlayer distance and SSA values. Moreover, the existence of adsorbed water may also decrease the affinity for CH 4 because of the hydrophilicity of clay minerals. With various crystal structures, pore-size distributions, and surface chemical properties, the CH 4 adsorption of clay minerals are differently affected by bound water. The P L value of KGa-2 is the highest indicating the least affinity for CH 4 , which can be attributed to its poor degree of crystallization and active surface chemical properties resulting in large amounts of adsorbed water on the surface. SWy-2 has the largest CH 4 capacity because water adsorption occurred in its interlayers due to the increased interlay distance, the lateral and vertical surface areas could balance the decrease in the external surface areas for CH 4 adsorption. Similarly, the existence of adsorbed water molecules may decrease CH 4 adsorption. In contrast, the water adsorption may have a slight effect on CCa-2 because of low porosity and SSA, and the CH 4 affinity of CCa-2 is the strongest with the smallest P L value. Thus, the adsorption capacities of clay minerals are mainly related to the effective adsorption surface areas. The adsorbed water in clay minerals may reduce the binding capacity for CH 4 molecules and cause different effects on the CH 4 adsorption sites of different clay minerals.
Synergistic effects of temperature and moisture on methane adsorption
Temperature affects the CH 4 adsorption of kerogens the most; the Langmuir maximum CH 4 capacity decreased linearly (Fig. 8 ) and the P L increased simultaneously with increasing temperature (Fig. 9 ). For IMt-2, the decrease in the Langmuir maximum CH 4 capacity is not clear from 30 ˚C to 60 ˚C. When the temperature was increased to 90 C, the adsorption capacity significantly decreased, and the P L first increased and then decreased, inconsistent with the results obtained by Ji et al. (2012b) and Gasparik et al. (2013) , who reported a good linear relationship between the logarithms of the P L values of clay minerals and shales and the reciprocal of temperature (1/T). This may be related to the adsorbed water inside the clay minerals. When isothermal adsorption were conducted at 30 ˚C and 60 ˚C, the amount of adsorbed water in IMt-2 remained 936 Methane sorption capacity of organics and clays in high-over matured shale-gas systems Figure 7 . Relationship between the Langmuir maximum of adsorbed CH 4 and SSA for clay minerals. Kuila and Prasad , 2013 unchanged at the same drying temperature of 70 ˚C. When the isothermal adsorption experiment was conducted at 90 ˚C, the corresponding maximum drying temperature was 90 ˚C. Wang et al. (2012) reported that different drying temperatures may affect the amount of adsorbed water mainly in clay minerals (particularly interlayer water). When the drying temperature was between 80 ˚C and 140 ˚C, the amount of interlayer water in Na-montmorillonite was much less than that below 80 ˚C with a decreasing interlayer distance from 1.3 nm to 1.1 nm. Therefore, the decrease in adsorbed water with increasing drying temperature improved the binding capacity for CH 4 on IMt-2, exhibiting a lower P L value. On the other hand, the substantial elimination of interlayer water may collapse the interlayer structure and decrease the SSAs laterally and vertically; thus, the adsorption sites for CH 4 molecules significantly decreased. Although due to the hydrophobicity of kerogens, most of the internal water disappeared at a relatively low drying temperature, the increase in temperature may have no effect on the moisture content of kerogens as well as the surface properties and internal structure, which only affect the thermodynamic parameters of CH 4 molecule itself, ENERGY EXPLORATION & EXPLOITATION · Volume 32 · Number 6 · 2014 937 Figure 8 . Relationship between the Langmuir maximum and temperature for SK1, S1, and IMt-2. Figure 9 . Relationship between the Langmuir pressure and reciprocal of temperature (1/T) for SK1, S1, and IMt-2. namely, with the increase in temperature, CH 4 molecules less easily adsorb on the surface. The logarithm of P L negatively correlated to the reciprocal of temperature in the kerogen samples, similar to the results obtained under drying conditions reported by Zhang et al. (2012) . Thus, adsorbed water significantly affects the adsorption capacity of clay minerals, but does not affect that of kerogens to a certain extent.
Contributions of clay minerals and kerogens to the adsorption capacity of shales
The contributions of kerogens and clay minerals to the CH 4 adsorption capacity of the shales can be obtained by comparing and converting the adsorption results of shales, kerogens, and clay minerals ( Table 5 ). Because the majority of clay minerals in these two shale samples were illite, the illite content could be equal to the total amount of clay minerals; thus, the adsorption capacity of clay minerals per gram rock can be estimated. The CH 4 adsorption capacities of kerogens in the two shales were 17.45 cm 3 /g for SK1 and 12.41 cm 3 /g for SK2, with average adsorption capacities of 0.76 cm 3 /g and 2.2 cm 3 /g separately per gram of shale, respectively, which account for 4 3.08% and 56.58% of the total CH 4 adsorption, respectively. The CH 4 adsorption capacities of the two types of clay minerals (S1 and S2) were ~ 44.12% and 16.74%, respectively, indicating that the CH 4 adsorption of organics dominated in S2 shale, while the adsorption capacity of S1 shale was decided by both the kerogens and clay minerals jointly. The adsorption on the clay minerals in shales should not be ignored, particularly in the shales with lower organics where the adsorption on clay minerals plays a decisive role. This explains the results of some studies that although there was a certain positive correlation between the TOC and maximum adsorption capacity of shales, the correlation was poor, i.e., some shales with a high TOC had a lower adsorption capacity than the shales with a low TOC. The kerogen content of the shales in Niutitang Formation in northwestern Hunan was 5.04-24.01%, with an average of 13.16%, and the kerogen content of the shales in Longmaxi Formation in northwestern Hunan was 3.26-29.5%, with an average of 10.37%. When the average of the CH 4 amounts of the two kerogen samples (SK1 and SK2) was considered as the CH 4 capacity of kerogen, the adsorption amount of kerogens per gram shale in Niutitang Formation was 0.75-3.58 cm 3 /g with an average of 1.96 cm 3 /g, and that in Longmaxi Formation was 0.49-4.40 cm 3 /g with an average of 1.55 cm 3 /g. Moreover, according to the relative composition of inorganics, the CH 4 adsorption of clay minerals per gram shale was 0.23-1.64 cm 3 /g with an average of 1.03 cm 3 /g for Niutitang Formation and 0.08-1.63 cm 3 /g with an average of 0.88 cm 3 /g for Longmaxi Formation. The CH 4 adsorption capacity of the kerogens was higher than that of the clay minerals in unit mass shale overall. Because of the limited sample information in this experiment, the contribution of kerogens and clay minerals to the adsorption capacity of every shale samples cannot be accurately calculated. Moreover, all the studied shale samples were in high-over mature stage, where most of the soluble organics underwent cracking and conversion with a slight effect on CH 4 adsorption; thus, the CH 4 adsorption of kerogens may be equal to that of total organics. The adsorption mechanism of low mature organics in shales still needs further research.
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The maximum adsorption capacities of the two isolated kerogens of type I (17.45 cm 3 /g and 12.41 cm 3 /g) were much higher than those of the clay minerals and shale samples, approximately three or five times thanthat of illite. In the high-over mature stage, the affinities of CH 4 molecules for type I kerogens gradually increased with increasing thermal maturity, while the CH 4 adsorption amounts decreased because of the decrease in the surface areas. Moreover, the CH 4 adsorption of kerogens with a slight effect of adsorbed water decreased linearly with increasing temperature.
2.
The CH 4 adsorption capacities of different clay minerals, which are controlled by the effective surface areas provided for adsorption, are quite different: The V L values of SWy-2 (4.02 cm 3 /g) was the largest among the clay minerals, and the V L values of KGa-2, IMt-2, and ISCz-1 had slight differences, nmwhich were 3.48 cm 3 /g, 3.46 cm 3 /g, and 3.1 cm 3 /g, respectively, while the V L value of CCa-2 was only 0.88 cm 3 /g. Moreover, the amount of adsorbed water in the clay minerals may significantly change at different drying temperatures, thus making CH 4 adsorption difficult and affecting the adsorption amounts differently for different clay minerals.
3.
The CH 4 adsorption capacities of the kerogens in the two shales (S1 and S2) were ~ 43.08% and 56.58% of the total CH 4 adsorption, while those of the clay minerals were ~ 44.12% and 16.74%, respectively. The CH 4 adsorption capacity of the kerogens was higher than that of the clay minerals in unit mass shale overall. However, the CH 4 adsorption of clay minerals in the shales should not be ignored, particularly in the shales with lower organics, where the adsorption of clay minerals plays a decisive role. 
